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(g) Copolyester and hollow container and oriented film comprising the copolyester. 

(57) A copolyester comprising : 

a dicarboxylic acid component comprising : ■ /QfK/ ^ thp ™ f ~ nH 

fa^ 80 to 99 5 mol% of units derivable from terephthalic acid or an ester forming denvative thereof, and 
<b) 0 5 i te f 4 5 mol% of unite derivable from a phenylenedioxy diacetic acid or an ester forming 
derivative thereof ; and 
a diol component 
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The present invention relates to a copolyester having a high transparency, superior strength and superior 
gas barrier property, and to a packaging material comprising the copolyester. 

Polyethylene terephthalate (hereinafter sometimes abbreviated to "PET") has excellent mechanical 
strength, chemical safety, transparency and hygienic properties and is light in weight and low in cost. Therefore 
5 PET is widely used in packaging materials such as sheets, films and containers. 

However, although the gas barrier property of PET is superior to other resins including polyolefins, it is not 
considered to be sufficient in some applications where a higher performance is required. For instance, a pack- 
aging material for a carbonated beverage, beer or wine is required to have a high oxygen and carbon dioxide 
gas barrier property in order to preserve the contents. A hollow container of a generally-used biaxially oriented 
10 PET cannot satisfy these strict requirements. Moreover, there is a demand for a film which has a low permeabi- 
lity to gases such as oxygen or moisture, and which does not have lowered performance under a freezing pro- 
cess, boiling treatment or retort treatment, for the packaging of, for example, fresh food or medical equipment. 

Various methods have been proposed to improve the gas barrier property of packaging materials compris- 
ing polyethylene terephthalate. For example various gas barrier materials may be blended with PET and various 
15 gas barrier materials can be laminated or coated on a PET film. 

The present inventors have found that a specific copolyester obtained using isophthalic acid and a 
phenylenedioxy diacetic acid as the main acid components can be used as a superior gas barrier material (JP- 
A-1 -247422(1 989), JP-A-21 -47423(1 989), JP-A-1-167331(1989), JP-A-2-1 82455(1 990) and JP-A-2-14238 
(1990), and US-A-4,959,421). 
20 It is also know that a polyester copolymer prepared from 5 to 100 mol% of a phenylenedioxy diacetic acid 

and 0 to 95 mol% of terephthalic acid as acid component has an excellent gas barrier property (JP-A-60- 
501060(1985), US-A-4,440,992 and US-A-4,552,948). 

However, these gas barrier materials do not generally have sufficient mechanical strength and heat resi- 
stance so it is difficult to mold these materials singly. When a gas barrier material is blended with PET, it is 
25 difficult to maintain, for example, the mechanical strength and heat resistance which are inherent in PET. When 
coating or laminating a gas barrier material onto PET, there are various problems to be considered in the selec- 
tion of molding conditions, adhesive properties between layers or the thickening of a container wall. 
The present invention provides a copolyester comprising: 
a dicarboxylic acid component comprising: 
30 (a) 80 to 99.5 mol% of units derivable from terephthalic acid or an ester forming derivative thereof, and 

(b) 0.5 to 4.5 mo!% of units derivable from a phenylenedioxy diacetic acid or an ester forming derivative 
thereof; and 

a diol component 

The present invention also provides a container, sheet or film which comprises the copolyester defined 
35 above. 

The present invention further provides a process for forming a copolyester hollow container which com- 
prises: 

forming a preform by injection molding or extrusion molding of the copolyester defined above, and 
subjecting the preform to a biaxial-stretching blow molding. 
40 The present invention additionally provides a process forforming a stretched copolyester film which comprises: 

injection molding or extrusion molding the copolyester defined above to obtain a sheet, and 
stretching the sheet in the machine direction or transverse direction. 
The copolyester of the present invention has superior physical properties such as gas barrier property, 
mechanical strength, heat resistance and water resistance and has a high transparency. 
45 The present inventors have found that the copolyester comprising a dicarboxylic acid component compris- 

ing units derivable from terephthalic acid as the main ingredient and a small amount of units derivable from 
phenylenedioxy diacetic acid in a specified range is unexpectedly superior in all physical properties including 
mechanical strength, heat resistance, water resistance and gas barrier property. It is possible to produce a mol- 
ded article by a single use of the copolyester. 
so The terephthalic acid or ester forming derivative thereof may be any compound based on terephthalic acid 

which is reactive with diol components, and may include terephthalic acid, a nucleus-substituted derivative such 
as 2-chloroterephthalic acid and 2-methoxyterephthalic acid, an ester derivative such as dimethyl terephthalate 
and diethyl terephthalate, and an acid halide derivative such as terephthaloyl dichloride. 

The phenylenedioxy diacetic acid or ester forming derivative thereof may include 1,2-phenylenedioxy 
55 diacetic acid, 1 ,3-phenylenedioxy diacetic acid, 1,4-phenylenedioxy diacetic acid, 2-methyl-1,3-phenylene- 
dioxy diacetic acid, 5-methyl-1,3-phenylenedioxy diacetic acid, 6-methyM ,3-phenylenedioxy diacetic acid, 5- 
ethyl-1,3-phenylenedioxy diacetic acid, 6-ethyl-1,3-phenylenedioxy diacetic acid, 5-methoxy-1 ,3-phenyl- 
enedioxy diacetic acid, 6-methoxy-1,3-phenylenedioxy diacetic acid, 4-chloro-1,2-phenylenedioxy diacetic 

2 
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acid 4-chloro-1,3-phenyienedioxy diacetic acid, acid anhydrides thereof, acd hal.des thereof, and ^esters 
Seof These compounds may be used singly or in combination of two or more compounds for example, a 
cTm^nabon of oosSn isomers such as a combination of 1 .2-isomer and 1.3-isomer. Among these, the pn* 

erable compound is 1 ,3-phenylenedioxy diacetic acid. 

n tricarboxylic acid component constituting the copolyester of the present .nvention. the ra ,o of the 

^^t XasT^TX^tnZ sufficient and in case it exceeds 4.5 mo.%, there is a tendency to 
ZTsTto such troubles as heat decomposition, adhesion and the like during molding process. Moreover the 
fransDarenc^ mechanical strength and heat resistance of molded article are considerably decreased so tha 
Lch polymer' "not suitable to be used alone as a starting material for a molded article, n addition^ ,f the un.t 
delved from ie Phenylenedioxy diacetic acid is contained over 4.5 mol%. the gas bamer property of a no«v- 
s^cheTshe^J ^nZved. however, a stretched sheet obtained therefrom surprisingly is not a.ways improved 

" ^rcottes^of 1 present invention, as far as each of the units derived from terephthalic acid and 
phenylenS d acetic acid satisfies respectively the ratio range described above, it may contain , a smaH 
amount of o*er unit derived from other dicarboxylic acid, hydroxycarboxylic acid or the.r ^abves_ These 
o3 d carboxylic acids may contain an aromatic dicarboxylic acid such as phthal.c acd...sophthal c aod4,4- 
dS^eTane^carboxyJc acid. 4.4'-dipheny.sulfonedicarboxylic acid. *^P*/* dlc ^ 
theJ stnSura. isomers, and an aliphatic dicarboxylic acid such as ma.onic acd. succ.mc acd. and I ad.p.c ao* 
AnT p^mxybenzoic acid, esters of p-hydroxybenzoic acid and glyco.ic acd may be mentioned as the 

^he^oT^ 

nPdlll 1 3 propanediol 1 4-butanediol. pentamethylene glycol, hexamethylene glycol, neopentyl glycol, d.eth- 
^flh^T^^lcrfyoo. such as cyclohexane dimethanol. and an aromatic dihydroxy compound 
sic as blspheno. A and bispheno. S. Among these compounds, generally, ethylene glycol ,s mos Preferred- 
The d". componenus u S e d in an amount substantially equivalent to the dicarboxylic acid component described 

ab ° V The copolyester of the present invention may contain as the constitutional component a mono-functional 
compound s^h aTc-benzoylbenzoic acid or a po.y-functiona. compound such as trimethylolpropane. pen- 
3hl. g.ycerin^rimel.itrc acid, trimesic acid, pyrome.litic acid and a glycidyi ether of aromauc ^ydroxy 
Sountsuch as bispheno. A g.ycidy. ether, as far as these additional components dc .not injure 
of the present invention. These mono-functional or poly-functional components can be used up to 20 mol 
oreferablv up to 10 mol%, and further preferably up to 5 mol% of the diol component. 

P A tnvenLonally known additive, for example, antioxidant. UV absorber fluorescent brjhtenms .agent 
mold release agent antistatic agent, dispersant and colorant such as dye and p.gment can be added to the 
copo "esterTTse additives may added in any step during polyester manufacturing or in masterbatchmg step 

^e^c =ty of the copolyester of the present invention as measured in • 

,nH otrarhloroPthane (weiaht ratio 1/1) at 30°C is preferred in the range from 0.4 to 2.0. preferably 0.5 to 1.5. 

Z phvsteal properties required for practical use when the copolyester is taken out of the reaction vessel after 
Tompleuon o? polymerization and cut it into chips, or molded it into sheets, films or containers such as bottles, 
babels and cans In case the intrinsic viscosity is over 2.0. there are problems that the mel v.scosity becomes 
so hfgh mat^mlng process such as injection molding, extrusion molding and b.owmold.ng becomes very 

'^rco^steroHhe present invention can be produced by any polymerisation method which is con- 
ventlna.; known as a polymerization method for polyethylene terephthalate^ For example, there > » * ™««« 
compr^ng the steps of directly esterifying terephthalic acid. 1 ,3-phenylened,oxy diacetic acd and ethylene 
o3 3 ^ Pressure and thereafter gradually reducing the pressure while raising the temperature to polycon- 
*£toJEMv***L The copolyester of the present invention can be further produced by another 
Sod^nanester 

diacetic acid such as dimethyl 1 ,3-phenylenedioxydiacetate and ethylene glycol are subjected to .ester 
interchange reaction, and thereafter the reaction product is further subjected to polycondensation. In hese pro- 
ducS IXSSm. the phenylenedioxy diacetic acid can be added at any stage dunng the ester mterchange 
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reaction or the initial stage of polycondensation reaction. For example, ester interchange reaction between an 
ester of terephthalic acid and ethylene glycol is first carried out , and then the phenylenedioxy diacetic acid is 
added to the reaction product to carry out polycondensation. Further, if necessary, it is possible to attain higher 
degree of polymerization, low acetaldehyde formation and low oligomerization degree by subjecting the 
copolymer to heat treatment after the polymerization. The heat treatment is preferably carried out in the range 
from a temperature just below the melting point of the copolyester to a temperature 80°C below the melting 
point for several ten hours or less, after the surface of chip is crystallized at 80 to 180°C. 

In the production method of the copolyester described above, it is preferable to use esterification catalyst 
ester interchange catalyst, polycondensation catalyst, and stabilizer. As the ester interchange catalyst, at least 
one known compound selected from calcium, manganese, zinc, sodium and lithium compounds can be used 
A manganese compound is preferable because it can provide a copolyester of a higher transparency As the 
polycondensation catalyst, at least one known compound selected from antimony, germanium, titanium and 
cobalt compounds can be used. Antimony, germanium and titanium compounds are preferred 

The copolyester thus obtained can be molded into films, sheets, containers and other packaging materials 
by a melt molding method usually employed in PET molding. The non-stretched sheet or film obtained from 
the copolyester of the present invention can be used as a high gas barrier material. Moreover, the gas barrier 
property and mechanical strength can be improved by stretching the non-stretched film or sheet in at least to 
one direction. 

The oriented copolyester film of the present invention is obtained by subjecting a non-stretched sheet 
obtained by injection molding or extrusion molding of the copolyester to any stretching method of uniaxial 
stretching, successive biaxial stretching, and simultaneous biaxial stretching which are usually employed in 
PET stretching. The copolyester can be molded into cups and trays by air-pressure molding or vacuum molding 

When producing these oriented films, the stretching temperature may be selected between the glass tran- 
sition temperature of the polyester of the present invention and a temperature 70«C higher than the glass tran- 
sition temperature, usually between 40 and 170°C, preferably 60 and 140°C. Both uniaxial and biaxial stretching 
method are applicable, but biaxial stretching is preferred because a biaxially oriented film has physical proper- 
ties required in practical use. The stretching ratio is usually 1.1 to 10 times for the uniaxial stretching, and pref- 
erably 1.5 to 8 times. In the case of biaxial stretching.the stretching ratio is 1.1 to 8 times, preferably 1 5 to 5 
times, for each of the machine and transverse directions. The stretching ratio is the machine direction is pre- 
ferred to be 0.5 to 2 times, more preferably 0.7 to 1.3 times the stretching ratio in the transverse direction 

The thickness of a non-stretched sheet is 50 to 2000pm, preferably 100 to 1000nm. If it is below 50um 
the non-stretched sheet has a tendency to break during the stretching step and if it is over 2000nm, the quench- 
ing thereof becomes difficult and simultaneously a uniform stretching becomes difficult because of the increase 
in tension of stretching. 

The oriented film thus obtained can be used as it is, however the gas barrier property and the mechanical 
strength can be further improved by subjecting an oriented film to heat setting for 0.1 to 30 minutes, preferably 
0.5 to 5 minutes at a temperature from 100°C to the meltjng point of the copolyester, preferably 1 50 to 230°C 
under the tension. 

The hollow molded article of the copolyester of the present invention is produced by the stretching-blow 
molding of a preform prepared from the copolyester. The apparatus conventionally used in blow molding of PET 
can be used in the production of the hollow molded article. More specifically, a biaxial stretching blow molding 
such as a hot panson process or a cold parison process is adopted in which a preform is first produced by ordi- 
nary extrusion molding or injection molding of the copolyester, and the thus obtained preform is reheated and 
biaxially stretched as it is or after processing the mouth portion and the bottom portion thereof. The stretchino 
temperature is 70 to 120°C, preferably 80 to 110°C. and the stretching ratio is 1.5 to 3.5 times in the machine 
direction and 2 to 5 times in the circumferential direction. 

The hollow molded article obtained can be directly used , but in the case where it is used for a container 
for a liquid content requiring hot filling such as fruits juice drinks, it is preferred to improve the heat resistance 
thereof by heat setting in the same blow mold as used for molding or another mold equipped separately This 
heat setting is usually carried out for from 2 seconds to 2 hours, preferably 1 0 seconds to 30 minutes at 100 
to 200°C, preferably 120 to 180°C, under tension by compressed air or mechanical stretching. 

Further, the molded article of the present invention can be also produce from a blend of the copolyester 
and a polyalkylene terephthalate mainly comprising PET. or it may be formed in a laminated structure of a layer 
of the copolyester and a layer of a polyalkylene terephthalate mainly comprising PET. 

The present invention, hereinafter, will be explained in more detail referring to the following examples but 
the present invention is not restricted to the following examples. " ' 

In the following examples, "part" means Veight part" and the methods for measurements shown in exam- 
ples are as follows. 
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Thltt^siclisSity was determined in a mbced solvent of phenol and tetrach.oroethane (Weight ratio 
50/50) at 30°C. 

Th^JSTJSSSined by gas chromatography after water extraction of a copolyester for 2 hours at 
160°C. 

The^amoL^nnaSve gas per unit time (hour) and per unit resin weight (kg) was determined. The 
flow rate was expressed by a converted value of this flow amount to a gas volume (hter) at one atmosphenc 
pressure and 25°C. 

ThfiT-SSy was determined with oxygen permeability measuring equipment "OX-TRAN 1 1 0/50A" 
(manufactured by Modern Controls. USA) and carbon dioxide permeability measunng equipment PER- 
MATRAN CIV (manufactured by Modem Controls. USA) at 100% RH and 23°C. and expressed ,n 
ccmm/m 2 dayatm. 

mtoSleTwSer edited at 0°C. were dissolved 12.5 g of citric acid hydrate, and then the total aqueous 
Lo°uton was filled into a sample bottle made from a copolyester. Further, the sample bottle was added with 
5 0 g of sodium bicarbonate', immediately sealed tightly, and shaken for severe, ten .seconds i c , d.solve 
the sodium bicarbonate. The condition in the sample bottle thus treated corresponded to that fifed wrfh 
carbon dioxide gas in a volume 4.0 times the volume of the sample bottle at 0°C and 1 atm. The sample 
T^lT^ol a flat P .ane in an atmosphere of 23"C and 50% humidity or 38»C and 90% humidity, 
an^he\e!ghtofthefi..po^^^ 

condition to obtain the fill point drop variation. A smaller fill point drop vanabon means a better creep res- 
stance. 

6. Mechanical strength and elongation ,^..,0^ 
Mechanical strength and elongation of the body of a sample bottle were determined m accordance w^h 
the mlthod of JIS-K 71 1 3 underthe condition of 23°C and 50% humidity using a tensile tester manufactured 
by INTESCO Co. 

Loa^ampl^boWe. was filled 990 ml of hot water of a predetermined temperature and the botUe was 
ghtly sealed and left at room temperature for 1 hour. Then the botfle emptied I with the content ,s visuafly 
observed whether its deformation occurs or not. Three bottles were exam.ned for each run by this method 
and the lowest temperature at which deformation was observed was expressed as the cr.t.cal temperature 
for heat resistance. 
8. Cyclic trimer content (CT content) 

In 2 ml of solution of chloroform/hexafluoroisopropanol (volume ratio 3/2), were dissolved 200 mg of a 
copolyester and the solution was diluted by further adding 20 ml of chloroform. By add ,ng 0 ml o ^ethano, 
to this solution, the copolyester was precipitated and the precipitate was filtered The 
filtrate was evaporated to dryness and the residue was dissolved .n 25 ml of d.methylformam.de Thus sol- 
ution was subjected to quantitative analysis by liquid chromatography to detenm.ne the CT content. 
The cyclic trimer is the main component of oligomers which are by-produced dunng copolymenzation. The 
oligomer adheres to a mold and contaminates it during the molding of a copolyester. thereby caus.ng low- 
ering in production efficiency. Therefore, a lower CT content is preferred. 

Example 1 

Into a reaction vessel, were charged 9583 parts of dimethyl terephthalate (96 mol% of the acid component). 
6390 parts of ethylene glycol and 2.1 parts of manganese acetate tetrahydrate. The m.xture was heated gradu- 
al ft^ml 60 to 220°C over 4 hours to complete ester interchange reaction. To the reaction product, were added 
47oTarts of ,3-phenylenedioxy diacetic acid (4 mol% of the acid component). 1.5 par* ; erf orthophosphorjc 
adda^15.pa^ 

decreasing the pressure in the polymerization vessel to carry out polycondensabon at 27 f ^ ""der 0^5 ton- for 
three hount As a result, transparent copolyester chips having an intrins>c v.scos.ty of 0.63 were obtained 

After the surface of the copolyester chips was crystallized in a stirring crystallization apparatus (manufac- 
tured by Bepex Co.. USA) at 150°C. the copolyester was transferred into a stationary sol.d phase polymenzation 
tower, dried for 3 hours at 1 20 to 160°C under the stream of 20 liter/kg hr nitrogen gas and P^»d tar 
10 hours at200°C. The solid-phase polymerized copolyester had an intrinsic viscosity of 0.88. an acetaldehyde 
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content of 2.2 ppm and a CT content of 0.37 wt%. 

A preform was prepared from the copolyester chips subjected to solid phase polymerization by using an 
mject.on molding machine IS-60B manufactured by Toshiba Corporation under the following conditions- 
temperature of nozzle and each part of cylinder: 275°C, 
screw rotation: 100 rpm, 
injection time: 10 seconds, and 
temperature of cooling water for mold: 10°C. 
A bottle having 1 liter volume and 300um of average body thickness was obtained from this preform using 
biaxial stretching blow molding machine of the following conditions: 
preheater temperature: 90°C, 
blow pressure: 20 kg/cm* and 

molding cycle: 10 seconds. 

The results of the measurements on gas permeability . CT content, fill point drop variation and mechanical 
15 strength and elongation of the bottle body are shown in Table 1. 

Example 2 

Into an autoclave, were charged 8200 parts of terephthalic acid (96 mol% of the acid component), 470 parts 
20 of 1,3-phenylenedioxy diacetic acid (4 mol% of the acid component), and 3835 parts of ethylene glycol and 
verification reaction was carried out at 220 to 245»C for 3 hours with stirring under nitrogen gas atmosphere 
(2.5 kg/cm*) while distilling off the water produced during the reaction. The esterified product was added with 
1 .5 parts of orthophosphoric acid and 1.5 parts of germanium dioxide. After 3-hour polycondensation reaction 
earned out in accordance with the method in Example 1 , transparent copolyester chips having 0.65 of intrinsic 
25 viscosity were obtained. The thus obtained chips were further subjected to the same solid phase polymerization 

3 !o!" 7^ P,S 1 t0 ° btain ChipS having 0 86 of intrinsic viscosi «y. 2.0 ppm of acetaldehyde content and 0 37 
wU of CT content. One liter bottle was obtained by the same blow molding procedure as in Example 1 The 
results of measurements on gas permeability. CT content, fill point drop variation, and mechanical strength and 
elongation of the body of the bottle are shown in Table 1 . 



30 



Example 3 



Copolyester chips having 0.86 of intrinsic viscosity. 2.0 ppm of acetaldehyde content and 0.39 wt% of CT 
content after solid phase polymerization was obtained in the same procedures as in Example 1 except for using 

35 I P fTt 6thyl tere P htna,ate < 97 ™l% of the acid component). 6500 parts of ethylene glycol and 350 
parte of 1,3-phenylenedioxy diacetic acid (3 mol% of the acid component). A smaller preform, in which the neck 
length, the outer diameter of the body and the body thickness were respectively 0.8, 0.8 and 1 .32 times those 
of the preform in Example 1 , was produced from the copolyester chips thus obtained. One liter bottle was prep- 
ared by the same blow molding method as in Example 1. The results of measurements on gas permeability 

^ CT content, fill point drop variation, and mechanical strength and elongation of the body of the obtained bottle 
are shown in Table 1 . ' 

Comparative Example 1 

45 * ■ . °"i lite ' *? m * was obtaine d "sing polyethylene terephthalate for molding bottle (manufactured by Japan 
Umpet Co., Ltd RT-543C) by the same blow molding method as in Example 1. The results of measurement 

°, n i a i P !r ea ty * CT COntent ' fi " P° intdr °P vacation, and mechanical strength and elongation of the body 
of the bottle are shown in Table 1 . 

50 Comparative Example 2 

-o, S< ^-? haSe polimerized cni P s havin 9 °- 87 °f 'nf'nsic viscosity, 2.0 ppm of acetaldehyde content and 0 48 
wt/o of CT content were obtained by the same procedure as in Example 1 except the use of 9392 parts of 
dimethyl terephthalate (94 mol% of the acid component), 6450 parts of ethylene glycol and 698 parts of 1 3- 
55 phenylenedioxy diacetic acid (6 mol% of the acid component). One liter bottle was obtained from these chips 
by the same blow molding procedure as in Example 1. The results of measurements on gas permeability fill 
point drop variation, and mechanical strength and elongation of the body of the bottle are shown in Table 1 
Considerable amount of adhesion between the chips was observed when the prepolymer of the chips were 



6 



BNS0OCID: <EP 0492999A2 J > 



EP 0 492 999 A2 

crystallized in a stirring crystallization apparatus, and many deformed chips or fused chips of 3 or 4 pieces 
recognized even after the solid phase polymerization. 
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Example 4 



A similar preform as in Example 3 was prepared from the solid phase polymerized chips obtained in 
Example 3 The preform was blow-molded to one liter bottle using a stretching blow molding machine equipped 
with a heat setting device, and the thus molded bottle was subjected to heat setting at 150°C for 10 seconds 
to obtain a heat-resistant bottle for fruit juice. The results of measurements on gas permeability and neat resi- 
stance of the body of the heat-resistant bottle are shown in Table 2. There was no deformation in the bottle 
when the bottle was filed with a fruit juice which was sterilized at 90°C and cooled to 85°C, turned ups.de down 
after tightly sealing the bottle, and allowed to stand for 15 minutes 

Comparative example 3 

One liter heat-resistant bottle for fruit juice was obtained from a polyethylene terephthalate for molding heat- 
resistant bottle (manufactured by Nihon Unipet, RT-543G) by the same blow molding and heat setting proc ed- 
ures as in Example 4. The results of measurements on gas permeability and heat resistance of the bottle body 
are shown in Table 2 No bottle deformation wasfound when the bottle was filled with a fruit juice of 85°C, turned 
upside down and allowed to stand in the same manner as in Example 4. The bottle in this Comparative Example 
3 showed a heat resistance comparative to that of Example 4, but was inferior in gas barrier property. 

20 Comparative Example 4 

A bottle for fruit juice was obtained from the solid polymerized chips obtained in Comparative Example 2 
by the same blow molding and heat setting procedures as in Example 4. The result of measurement on heat 
resistance of the bottle body is shown in Table 2. Considerable deformation was observed through entire bottle 
25 when the bottle was filled with a fruit juice of 85°C in the same manner as in Example 4. 
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Example 5 



1 n.oa,.act,c.v.s ! e 1 .,~ceeh,, 9 .d 95 ^ 
5 was gradually raised from 1 60 C to 220 c ove « no * (0/ f tne acid comp0 nent), 1.5 parts 

10 C0P lCheXwe V r^ 

(manufactured Modern Machinery Co.) under the following conditions: 

cylinder temperature: 275°C, 
nozzle temperature: 275°C. and 

screw rotation: *° b 7 e ct ed to simultaneous biaxial stretching in a ratio of 3 times in both the machine 

^^^^^^^ Machi " e * T M H L ° n9 C °- USA) haVi " 9 ^ mner 

and transverse directions oy y ^ f ^ 1 2Q secQnds ,„ an oven . 

^he s^h'ed £ S !^ V»d appearance and superior oxygen gas barrier property (oxygen 



20 



25 



30 



gas permeability of 07 cc-mrn/m^-day atmy for one hour in an atmosphere of 120°C and 



Example 6 



35 



. j R ~ nn narts of tereDhthalic acid (96 mol% of the acid component), 470 parts 
Into anautoclave, were charged ^^^%°^l^^' t)i and 3 835 parts of ethylene glycol, and 
of 1,3-pheny.enedioxy '^^^^S^tZ^ stirring under nitrogen gas atmosphere 
esterification reaction was carried out at 220 to z« u ™ o _ estenTied product was added with 

(2.5 kg/cm*) while distilling off the water ^"^<^*° Z£ The"" SStano. with the method in 
1.5 parts of orthophosphoric ^^l^J^^^^J^ viscosity were obtained. 
Example 5, colorless and transparent co P d y ester ?J'P® na ™9 " in the same procedure as in Example 



40 



Example 7 



45 



Ca—dnansparentcn^^ 
5, except that the wrtchtng ™«»^°? *" J?2SS»d <tala 0.96 MrtnMw* Also, there was 



50 



Example 5. 
Comparative Example 5 



55 



A «n hM, 9<.od appear was ^^^Jt^Z^n^Z^ 

^ a, Otaf.ll Company. Un*n) in ^T^^^^J^t, £ ox y9 en pas p~ 



to those of Examples 5 to 7 
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Comparative Example 6 

Transparent copolyester chips having 0.66 of intrinsic viscosity was obtained in the same procedure as in 
Example 5 except the use of 9392 parts of dimethyl terephthalate (94 mol% of the acid component), 6450 parts 
of ethylene glycol and 698 parts of 1 ,3-phenylenedioxy diacetic acid (6 mol% of the acid component). 

The oxygen gas permeability of a stretched film obtained from the chips in the same procedure as in 
Example 5 was 1.16 cc mm/m 2 day atm, being a little inferior in gas barrier property compared with that of the 
film in Example 5. The film of Comparative Example 6 had a bad stretching property, a tendency of non-uniform 
stretching, uneven film thickness and inferior appearance. 

Comparative Example 7 

A stretched film was obtained in the same procedure as in Comparative Example 6 except that the stretch- 
ing ratios in both the machine and transverse directions were changed to 3.8 times respectively. The stretching 
property of the film was poor and the film had a tendency of non-uniform stretching, uneven film thickness and 
inferior appearance. 

Claims 



1. A copolyester comprising: 

a dicarboxylic acid component comprising: 

(a) 80 to 99.5 mol% of units derivable from terephthalic acid or an ester forming derivative thereof, and 

(b) 0.5 to 4.5 mol% of units derivable from a phenylenedioxy diacetic acid or an ester forming derivative 
25 thereof; and 

a diol component. 

2. A copolyester according to claim 1 which has an intrinsic viscosity of 0.4 to 2.0, the intrinsic viscosity being 
determined at 30°C in a 1:1 by weight mixed solvent of phenol and tetrachloroethane. 



. A copolyester according to claim 1 or 2 wherein the dicarboxylic acid component comprises: 

(a) 90 to 99.0 mol% of the units derivable from terephthalic acid or an esterforming derivative thereof, and 

(b) 1.0 to 4.0 mol% of the units derivable from phenylenedioxy diacetic acid or an esterforming deri- 
vative thereof. 

A copolyester according to any one of the preceding claims wherein the phenylenedioxy diacetic acid is 
1 ,3-phenylenedioxy diacetic acid. 

5. A copolyester according to any one of the preceding claims wherein the diol component comprises 
40 ethylene glycol. 

6. A container, sheet or film which comprises a copolyester as defined in any one of the preceding claims. 

7. A process for forming a copolyester hollow container which comprises: 

45 forming a preform by injection molding or extrusion molding of a copolyester as defined in any one 

of claims 1 to 5, and 

subjecting the preform to a biaxial-stretching blow molding. 

8. A process according to claim 7 which further comprises heat setting the blown-molded product obtained 
so in the biaxial-stretching blow molding step. 

9. A process for forming a stretched copolyester film which comprises: 

injection molding or extrusion molding a copolyester as defined in any one of claims 1 to 5 to obtain 
a sheet, and 

55 stretching the sheet in the machine direction or transverse direction. 

10. A process according to claim 9 which further comprises heat setting the stretched film obtained in the 
stretching step. 
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